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Abstract 
Attitude errors are significant for space borne SAR. The main effects of attitude errors are to decrease 
the SNR and increase the ambiguities in the image. To maximize the SNR and minimize the 
ambiguity ratio, it is desirable to centre the antenna beam on the target area being imaged. If there is 
an error in the knowledge of the antenna beam pointing direction (resulting from satellite attitude 
errors or any other cause), the target area being imaged will be shifted with respect to the antenna 
beam. This means that the image being formed is not centered about the centre of the antenna beam 
[1,2]. To solve these problems in azimuth, it is common to determine where the antenna is 
pointing after the fact using Doppler centroid techniques. In this paper, we show the 
maximum available standard deviation of yaw and pitch angles of local coordinate system of 
SAR for Unambiguous Doppler centroid frequency is a function of carrier frequency, look 
angle, altitude of satellite, PRF and squint angle. We also show when the satellite using yaw 
steering technique, errors in look angle and altitude do not affect Doppler centroid ambiguity 
and maximum available errors for yaw and pitch angles of local coordinate system of SAR 
sensor will be optimum. 
 
Material and Method 
Doppler centroid frequency for circular orbits 
[4].To satisfy the above condition (to avoid 
incorrect able ambiguity) Standard deviation 
of Doppler centroid frequency with 
confidential interval of %95 must be lesser 
than half of the PRF; thus we have:  
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Doppler centroid frequency is the function of 
local attitude and altitude of SAR sensor. 
Having considered that these parameters are 
independent, standard deviation of Doppler 
centroid frequency will be:  
 
       
 
Where σγ is standard deviation of look angle, 
σδa is standard deviation of change of squint 
angle caused by yaw and pitch angle errors of 
local coordinate of SAR sensor and σH is 
standard deviation of satellite altitude. The 
following conditions are considered in our 
simulation:  
 
1) Satellite is sun synchronize  
 
2) For eliminating earth rotation effect on 
Doppler centroid frequency, satellite pointing 
in Yaw Steering mode [4].  
 
3) Squint angle (a) calculated by following 
equation: a=a0+δa0-δa where a0 is squint angle 
in yaw steering mode, δa0 is change of squint 
angle which is arbitrary, δa is change of squint 
angle caused by yaw and pitch angles of local 
coordinate angle of SAR sensor.  
 
4) We know that yaw and pitch angles of local 
coordinate system of SAR sensor have only an 
influence on the along-track parameter xp [5] :  
 
 
Where γ is Look angle, R is slant range to 
middle of swath width, Ψ and δ is yaw and 
pitch angle of local coordinate system of SAR 
sensor, respectively. If δa is a function of Yaw 
and Pitch angle of local coordinate system of 
SAR; thus:  
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If: tan (δa) ≈ δa; tan (Ψ) ≈ Ψ; tan (δ) ≈ δ; thus, 
we have:  
 
 
 
Having considered conditions mentioned 
above, we illustrate graphs (Fig. 1) of 
maximum available standard deviation of yaw 
and pitch angles of local coordinate system of 
SAR for Unambiguous Doppler centroid 
frequency as a function of carrier frequency, 
look angle, altitude of satellite, PRF and squint 
angle. We also conclude that when the satellite 
using yaw steering technique, errors in look 
angle and altitude do not affect Doppler 
centroid ambiguity and maximum available 
errors for yaw and pitch angles of local 
coordinate system of SAR sensor will be 
optimum.  
 
 
 
 
 
Fig 1. Effects of  Pith and Yaw angles on the 
Unambiguous Doppler centroid frequency   
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